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(54) RF image reject mixer for a radio receiver. 

(57) An image reject mixer for a radio receiver for 
operation in a Radio Frequency (RF) transmission 
band, such as DECT, GSM, PHS etc. The image reject 
mixer comprises first mixer means (1) tor down conver- 
sion of an RF input signal (RF in ) providing first quadra- 
ture signals (l| F1 , Q|fi) centered at a first intermediate 
frequency (IF1) while image frequencies of the first 
mixer means (1) are within the RF transmission band. 
Second mixer means (2) for up-conversion of the first 
quadrature signals (I|fi. Qifi) providing second quadra- 



ts 



lure signals (l| F2 , Q1F2) centered at a second intermedi- 
ate frequency (IF2) above the first intermediate 
frequency (IF1). Wherein polyphase fffier means (15) 
are operatively arranged between the first and second 
mixer means (1 , 2) for providing filtered first quadrature 
signals for up-conversion by the second mixer means 
(2), thereby eliminating the need for higher order, sharp 
cut-off low pass fitters. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to telecommunication systems and, more specifically, to equipment for receiving 
radio communication signals. 

Background of the Invention 

io [0002] In modem radio receivers, such as designed for the well-known cellular GSM (Global System for Mobile com- 
munication) and DECT (Digital Enhanced Cordless Telecommunications), for example, generally two different receiver 
architectures are used. 

[0003] In digital direct-conversion or zero-IF (Intermediate Frequency) radio receivers analogue RF (Radio Fre- 
quency) signals are down-converted to base band and digitized for processing in the digital domain. Receiver selectivity 

15 is mainly established in the digital domain. 

[0004] In a single or dual conversion and a single or double superheterodyne receiver, signals in the RF transmission 
band are down converted to a relatively high first IF and selectively filtered in a pass-band centered around the first IF, 
typically 110 MHz for DECT. In a next conversion step, the filtered signal is further down converted to a second IF, typ- 
ically 10 MHz, for further processing of the signals received. With this radio architecture, selectivity is mainly achieved 

20 by using a so-called SAW (Surface Acoustic Wave) band-pass filter at the first IF. 

[0005] The zero-IF concept requires a dedicated digital backend to be developed, using analogue-to-digital converters 
and digital signal processing, while there is a DC (Direct Current) offset that has to be cancelled. 
[0006] The superheterodyne receiver with a relatively high first IF is rather costly and bulky in design, due to the off- 
chip SAW filter. The SAW filter contributes significantly to the total costs, space and power requirements of a radio 

25 receiver. 

[0007] Savings in components space, manufacturing costs and power consumption are important design criteria in 
modern wireless telecommunication receiver equipment. For single chip integrated receivers, i.e. receivers completely 
integrated on a single silicon chip, the costs are mainly determined by the required silicon area. For integration of the 
single or dual conversion or single and double superheterodyne receiver architectures at a single silicon chip, integrated 

30 band-pass filters are required. At present, such filters can be only effectively produced for a relatively low frequency 
(e.g. 3 MHz). However, to be able to use such type of filters, an image reject mixer is required having sufficient rejection 
of image frequencies which, at such a low IF, are within the RF transmission band of the radio communication system. 
[0008] Image frequencies are those frequencies which, in addition to the tuned or desired frequency, also provide an 
output at the selected IF of an RF mixer. 

35 [0009] European patent application 0 782 249 discloses an image reject mixer for a radio receiver, comprising first 
mixer means for down conversion of an RF input signal providing first quadrature signals at a low first IF, such that 
image frequencies are within the RF transmission band of a radio communication system. 

[001 0] The low pass filtered first quadrature signals are then up-converted to second quadrature signals at a second 
IF above the first IF by second mixer means. The second IF is selected at a frequency at which high performance, pas- 
40 sive filters are available for providing the required selectivity, typically 10 MHz. 

[001 1] It can be shown that the second quadrature signals produced by the second mixer means have spectra such 
that the signal components representing the signal of interest are in phase but the components representing image sig- 
nals of the second mixer are 180° out of phase. Accordingly, if the second quadrature signals are summed, the result 
is simply the signal of interest 

45 [0012] In practice, due to imperfections of the circuit components, i.e. component tolerances, unbalances, tempera- 
ture etc., usually an image rejection of about 20-30 dB is achieved. For a practically required rejection of 50 dB, in par- 
ticular at a second IF < 10 MHz, e.g. 4 MHz, relatively sharp cut off or low pass filters of a relatively high order, i.e. 5 or 
more, are needed to suppress the image frequency of the second mixer means to achieve the required rejection ratio 
at the output thereof. Those skilled in the art will appreciate that such low pass fitters, in terms of group delay and mag- 

so nitude, present a signif icant distortion of the required signal. 

Summary of the Invention 

[001 3] It is an object of the present invention to provide an image reject mixer for a radio receiver having an improved 
55 image frequency rejection. 

[0014] It is a further object of the present invention to provide an image reject mixer operating at a relatively low first 

and second IF providing a required rejection ratio while avoiding the need for high order low pass fitters. 

[001 5] ft is in particular an object of the present invention to provide a receiver, comprising the improved image reject 
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mixer, for use in modern wireless telecommunication systems such as GSM. DECT and other known mobile and cord- 
less telecommunication equipment, inclusive wireless Local Area Networks. 

[001 6] According to the present invention, there is provided an image reject mixer for a radio receiver for operation in 
a Radio Frequency (RF) transmission band, comprising first mixer means for down conversion of an RF input signal pro- 

5 viding first quadrature signals (li F i . Qifi ) centered at a first intermediate frequency (IF1 ) and such that image frequen- 
cies of the first mixer means are within the RF transmission band, and second mixer means for up-conversion of the 
first quadrature signals providing second quadrature signals (l| F2 . Q|F2> centered at a second intermediate frequency 
(IF2) above the first intermediate frequency (IF1), characterized by polyphase fitter means operatively arranged 
between the first and-second mixer means for providing filtered first quadrature signals for up-conversion by the second 

10 mixer means. 

[001 7] Different from the prior art in the image reject mixer according to the present invention, polyphase filter means 
are operatively arranged between the first and second mixer means. In the context of the present invention, the term 
polyphase fitter means indicates a class of filter means which ideally provide quadrature output signals for quadrature 
input signals having a phase difference of +90°atthe frequency to which the polyphase filter means are tuned, and zero 
is output for quadrature input signals having a phase difference of -90° at the frequency to which the polyphase filter 
means are tuned. 

[001 8] It can be shown that, due to the -90° phase difference of the first quadrature signals at the image frequency of 
the second mixer means, the polyphase filter means, tuned to the image frequency of the second mixer means, will 
effectively cancel that image frequency at the input of the second mixer means. 
20 [0019] With the arrangement according to the invention, theoretically, low pass fitters between the first and second 
mixer means are eliminated. 

[0020] In practice, however, the image rejection provided by the arrangement according to the present invention is 
also influenced by component spreading and off s et s . Accordingly, in a further embodiment of the invention, for obtaining 
an optimum image rejection, additional low pass fftering is provided of the quadrature signals input to the polyphase 
25 filter means. However, these low pass filter means can be of a relatively low order, anyhow lower than used in the prior 
art image reject mixer, discussed above. Thereby eliminating the inherent distortion (magnitude and group delay) of the 
required signal due to the relatively high order of such low pass filters for obtaining a desired image frequency rejection 
in practical circuit design. 

[0021 ] The image reject mixer according to the present invention is advantageously used in a radio communication 
30 system wherein the RF transmission band comprises a plurality of adjacent transmission channels spaced at a channel 
spacing distance, wherein the first intermediate frequency (IF1) of the first mixer means is selected in that its image 
reject frequencies are within the channel spacing distance adjacent to a selected channel. 

[0022] In radio telecommunication systems, such as GSM and DECT, the interference ratios required by adjacent 
transmission channels are less than the interference ratios between transmission channels spaced further apart in the 

35 RF transmission band. ^ 

[0023] In a preferred embodiment of the image reject mixer according to the present invention, the first intermediate 
frequency (IF1) is selected such that its image frequencies are substantially at the channel spacing distance. With a 
second intermediate frequency (IF2) at half the channel spacing distance above the frequency of Local Oscillator (LO) 
means of the second mixer means, the polyphase filter means are tuned at a frequency substantially equal to twice the 

40 frequency of the second LO means plus half the channel spacing distance. 

[0024] The polyphase filter means used in the present invention advantageously may comprise a balanced RC net- 
work of the type to be integrated on a single silicon chip, i.e. comprising passive circuit components and/or active circuit 
elements like Field Effect Transistors (FETs) operated as resistive and capacrtive elements, for example. With such 
active elements an auto-tunable or auto-controllable image reject mixer according to the present invention can be pro- 



[0025] The invention further provides a receiver for operating in an RF transmission band, comprising an image reject 
mixer of the type according to the present invention. The first mixer means of the image reject mixer may comprise tun- 
able Local Oscillator (LO) means. The receiver can be manufactured on a single semiconductor chip, in particular a 
Complementary Metal Oxide Semiconductor (CMOS) or a Bipolar CMOS (BiCMOS) semiconductor chip. 

so [0026] The receiver according to the present invention is in particular suitable for implementation in a radio commu- 
nication unit such as a radio telephone for operation in a GSM or DECT radio communication system, or the like, com- 
prising transceiver means, timing and synchronisation control means and information and signalling processing means. 
The first and second intermediate frequencies can be selected at a relatively low sub-rate of the system frequency. 
[0027] A radio communication unit comprising the receiver according to the present invention benefits from the 

55 increased image rejection ratio, less signal cfistortion and the lower costs of the receiver, e.g. compared to receivers 
having an SAW filter for obtaining the required selectivity, and smaller size of the unit A completely integrated cordless 
radio can be provided with the present invention, which is a very important commercial and design issue for low-end 
residential cordless consumer products. 
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[0028] The above-mentioned and other features and advantages of the invention are now illustrated in the following 
description with reference to the enclosed drawings. 

Brief Description of the Drawings 

[0029] 

Fig. 1 shows a block diagram of a prior art image reject mixer, comprising first and second mixer arrangements. 
Fig. 2 shows, in a schematic and illustrative manner, the DECT receive and transmit time slot signal structure. 
10 Fig. 3 shows a block diagram of an image reject mixer accoiding to the present invention. 

Fig. 4 shows a further embodiment of an image reject mixer according to the present invention, for low IF frequen- 
cies. 

Fig. 5 shows a circuit diagram of a pior art polyphase filter for use with the present invention. 
Fig. 6 shows a simplified block diagram of a radio communication unit, in particular a DECT radio communication 
is unit, taking the form of a radio telephone set having a receiver comprising an image reject mixer according to the 
present invention. 

Detailed Description of the Embodiments 

20 [0030] Fig. 1 shows a prior art image reject mixer for a radio receiver for operation in a Radio Frequency (RF) trans- 
mission band comprising a cascade connection of first mixer means 1 and second mixer means 2. Between the first 
and second mixer means low pass filter means 3, 4 are arranged. 

[0031] The first mixer means 1 comprise a first mixer circuit 5 and a second mixer circuit 6, at a first input of which 
radio signals RF in at an RF transmission band of a radio communication system are received. The radio signals RF^ 
25 may be fed to the first and second mixer circuits 5, 6 via an antenna, receive/transmit switch means and Low Noise 
Amplifier (LNA) means (not shown). 

[0032] A second input of the first and second mixer circuits 5. 6 connects to a first Local Oscillator (LO) 7. Through 
90°-phase shifter means 8 the first LO 7 provides two 90°-phase shifted frequency signals which are fed to the first and 
second mixer circuits 5. 6, respectively. Those skilled in the art will appreciate that the 90°-phase shifted frequency sig- 
30 nals may be provided by a single oscillator providing two substantially 90°-phase shifted output signals of the same sig- 
nal frequency, instead of an oscillator producing a single frequency signal. 

[0033] The first mixer means 1 provide quadrature output signals l, F1 , Q, F1 at the outputs of the first and second mixer 
circuits 5, 6, respectively. 

[0034] The second mixer means 2 essentially comprise the same circuit components as the first mixer means 1 , i.e. 
35 third and fourth mixer circuits 1 1 , 12, a second input of which connects to phase shifter means 1 0 providing 90° -phase 

shifted output signals at a frequency provided by a second Local Oscillator (LO) 9. The second mixer means 2 produce 

second quadrature output signals l tF2 and Q jF2 at the outputs of the third and fourth mixer circuits 11,12, respectively. 

The second quadrature signals l IF 2, Q lf2 are processed by means 13, e.g. summation means, to obtain a single output 

signal IF 2 at an output of the processing means 13. 
40 [0035] The input signals of the third and fourth mixer circuits 1 1 , 1 2 are the first quadrature signals outputted by the 

first mixer means after low pass filtering by the low pass filters 3 and 4. 

[0036] The circuit of figure 1 is also known as the third method of generation and detection of single-sideband signals 
by Donald K. Weaver, disclosed in Proceedings of the IRE 1956, pp. 1703-1705, which is herein incorporated by refer- 
ence. 

45 [0037] For the purpose of the present invention, the operation of the circuit of figure 1 will be clarified, for illustrative 
purposes only, in connection with a radio communication system such the Digital Enhanced Cordless Telecommunica- 
tions (DECT) radio communication system. 

[0038] DECT is a Multi Carrier/Time Division Multiple Access/Time Division Duplex (MC/tDMA/TDD) digital radio 
access technique, providing ten radio carriers, each divided into 24 time-slots 1 4 which serve 1 2 duplex communication 
so channels, called a frame, such as illustratively shown in figure 2. 
[0039] The ten RF carriers allocated to DECT are defined by: 

F c = F 0 - c*channel spacing = F 0 - c*1728 kHz (1) 

55 wherein: 

F 0 = 1897,344 MHz and 

c = 0,1 9. 
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[0040] Including guard space, the total number of bits per time slots according to the DECT standard amounts 480. 
These bits are transmitted at a system dock frequency or system bit rate of 1 152 kb/s, resulting in a frame cycle time 
T f of 10 ms. From (1) it follows that the RF transmission band for DECT is in the range of 20 MHz. 
[0041] With reference to the circuit of fig. 1, assume that the first LO 7 is tuned to a frequency such that signals at 
5 RF in are converted to a frequency centered at half the channel spacing, i.e. for DECT 864 kHz: 

®L01 = <»RFin( +or -)(^ ©chan) 

wherein: 

10 

coloi = frequency first local oscillator 

6> RFjn = frequency input signal at RF^ o chan = channel spacing frequency. 

[0042] The second LO 9 is at a frequency, such that the down converted signals of the first mixer means 1 are upcon- 
15 verted to a desired output Intermediate Frequency (IF) for further processing, in general a frequency substantially at 10 
MHz. This, because for this frequency filter means are readily available and at relatively low costs. 
For the calculation below, the following assumptions are made: 



Frequency first LO: 

20 

<°L01 = °> RFin(tuned) ' chan < 2 > 



Frequency first quadrature signals: 

25 fi>, F1 =<» RF -0i> LO1 ( 3 > 

Frequency second LO: o>lo2 
Second intermediate frequency IF2: 

30 0|F2 = 1 ^ G >chan + tt >L02 W 



Input signal at RF, n : sinfcoRpt) 
LO signal at mixer 5: sin(a>|_oi t) 
LO signal at mixer 6: cos(g>loi t) 
35 LOsignalat rrtixer 11:sin(c0LO2t) 
LO signal at mixer 12: cos^o^t) 

[0043] With the above assumptions, the In-phase component of the first quadrature signal l )F1 at the output of mixer 
circuit 5 can be expressed as: 

40 

I IF1 = sin(© RP t) sin(co L01 .t) (5) 
= Kcos((o RF - g> lo1 )t) - Vfccos((a) RF + <o L01 )t) 



45 [0044] The Quadrature-phase component Q tF1 at the output of the second mixer circuit 6 can be likewise expressed 

as: 



Q IF1 = sin(© RP t) cos(g> lo1 .t) 

= 1 /£sin((© RF - ca L01 )t) + 1 /£sin((e> RF + © L01 )t) 



(6) 



50 



[0045] The terms consisting of <dr F + c&loi in equations (5) and (6) are high frequency components which will be very 
well filtered by the low pass filters 3, 4. 

[0046] For the second quadrature signals l )F2 , Q| F2 at the outputs of the third and fourth mixer circuits 11.12 respec- 
55 tively, two different cases have to be identified. 
[0047] Firstly, it is assumed g>r F > colqi • 

[0048] From the filtered l, F1 signal. i.e. the first part of equation (5), it can be derived that: 
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I lF2 = V*cos((e> RF - co L01 )t) sin(co L02 .t) = 1 /4Sin((co RF - co lo1 + a> LQ2 )t)-!/4Sin((<D R p - co lo1 - <o L02 )t) (7) 

[0049] Likewise, from the low pass filtered Q, F1 signal, i.e. the first part of expression (6), it can be derived that: 

5 Q , F2 = 1 v4sin((co RF - co L01 )t)cos(co L02 .t) = 1 /4Sin((co RF - <d lo1 + a> L02 )t) + 1 /4Sin((co RF - a> L01 - co L02 )t) (8) 

[0050] Those skilled in the art will appreciate that equations (5)-(8) have been derived using known trigonometric 
functions. 

[0051] By adding the seeond quadrature signals l| F2 and Q, F2 as expressed by (7) and (8), the signal IF^ at the out- 
10 put of the summation means 13 results in: 

!F out = 1 ^sin((a> RF - oo lo1 + a> LQ2 )t) (9) 

wherein for signals at the second intermediate frequency a> IF2 = ® RF - co lo1 + a> LQ2 can be rewritten as 
15 co RF = co RF(tuned) using (2) and (4) above. Accordingly, the tuned frequency results in an output signal at IF2 at the out- 
put of the mixer. 

[0052] The terms 1 /4sin((co RF - co L01 - co L02 )t) in equations (7) and (8) theoretically cancel each other. However, in 
practice, due to component spreadings, temperature and other imperfections of the circuit components a full cancella- 
tion will not be achieved. Accordingly, these terms will result in a spurious signal at the frequency: co RF © lo1 - co LQ2 
20 which, with (2) and (4), can be rewritten as: co RF = co RF(lunGd ) + 2co L02 providing an output signal at IF2. RF input sig- 
nals at this frequency result in first quadrature signals at the inputs of the filters 3 and 4 which, from (3) and (4), have a 
frequency of: 

® IF1 = 2 ®L02 + ^chan (10) 

25 

[0053] Secondly, it is assumed that co RF < col 01 . 

[0054] With the known trigonometric relationship cos(-ct) = cos(ct) and sin(-a) = -sin(a) the filtered first quadrature 
signals of expressions (5) and (6) lead to second quadrature signals l| F2 and Q| F2 respectively provided by expressions 
(11) and (12). 

30 

I , F2 = V£cos((co L01 - co RF )t) sin(co LQ2 .t) = 1 /4Sin((co L01 - co RF + co LQ2 )t) - 1 /4Sin((cd LQ1 - co RF - co L02 )t) (11) 



35 Q |F2 = -V£sin((co L01 - co RF )t) cos(o L02 .t) = -i/ 4 sin((co L01 - co RF + co LQ2 )t) - 1 /4Sin((co L01 - co RF - co LQ2 )t) (12) 
[0055] Addition of these signals by the addition means 13 results in a signal at the IF^ output: 

IF out = - 1 ^sin((co L01 - co RF - co L02 )t) (13) 

40 

[0056] The RF in frequency causing a signal at IF2 is <a IF2 = co lo1 - co RF - © L02 and from (2) and (4): 

®RF s °>RF(tuned) " °>chan * 2 »L02 (14) 

45 [0057] This is an undesired signal that has to be rejected by the low pass filters 3, 4 and with 
co IF1 = co lo1 - co RF (co RF < co LQ1 ) from (3) results in first quadrature signals of the frequency: 

co IF1 « 2co LQ2 + 1*©^ (15) 

so which is the image frequency of the second mixer means 2. 

[0058] The terms V4Sin((e> L01 - co RF + co L02 )t) in equations (1 1) ard (12) theoretically cancel eachothet However, 
in practice cancellation will not be completely. Accordingly, these terms will result in a signal at the output of the mixer 
means. From (2) and (4) it can be established that the RF^ frequency causing such a (rejected) signal at IF2 is: 

55 ®RF = ®RF(tuned)-®chan (16) 

[0059] This is the first adjacent channel below the tuned channel. However, the image rejection obtained is usually 
sufficient due to the limited rejection requirements for the adjacent channel in ratio telecommunication systems such 
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as DECT and GSM, for example. 

[0060] If a relatively low second intermediate frequency IF2 is to be used, e.g. IF2 * 4MHz, frequencies around 
© IF1 = V£co chan have to pass the low pass filters 3, 4 with as less as possible distortion, whereas frequencies at 
g> if1 = 2g> L02 + V£a> chan (15) have to be sufficiently rejected by the low pass filters, i.e. 50 dB or more. Signals at this 
5 frequency may be caused by transmissions in the RF transmission band of the system at a distance from the tuned 
channel. 

[0061] For DECT, for example, the low pass filters 3, 4 have to pass the desired signal between 288 kHz and 1 .44 
MHz, i.e. the pass-band of 1 152 kHz of a DECT channel around an IF1 of 864 kHz. 

[0062] With a second IF of 4.32 MHz, for example, from equation (1 5) and the bandwidth of 1 152 kHz for DECT, it can 
io be calculated that the low pass filters 3, 4 have to reject a spurious signal between 7.2 and 8.352 MHz. Accordingly, low 
pass filters 3, 4 having an order of 5 or more are needed to achieve an image rejection of 50 dB, which is required for 
a reliable operation under DECT. Such low pass filters, however, distort the desired signal significantly with respect to 
group delay and magnitude of the signals passing the filters. 

[0063] Fig. 3 shows the image reject mixer according to the present invention, wherein between the first mixer means 
75 1 and the second mixer means 2, polyphase filter means 15 are arranged. 

[0064] The polyphase filter means 1 5 have input terminals I* and Q in for receiving quadrature input signals and output 
terminals 1^ and Q ou t providing quadrature output signals. 

[0065] In the present patent application, the term polyphase filter means is used for a class of quadrature filter means 
providing quadrature output signals for quadrature input signals having a phase difference of +90° while providing zero 

20 output for quadrature input signals having a phase difference between the I and Q components of -90°. 

[0066] It can be shown that an RF in signal having a frequency copp according to equation (14), will have a phase dif- 
ference of -90° between the first quadrature signals Ijpi and Qifi at the frequency a>| FI = 2<o L02 + V2G> chan (15),i.e. 
the image frequency of the second mixer means 2. This can be easily verified by substitution of equation (15) in equa- 
tions (5) and (6). However, at the required frequency © RF = o RF(tljned) . providing a required output signal at the IF^ 

25 output of the mixer according to the present invention, the first quadrature signals l (F1 and Q (F1 have a phase difference 
of +90° at the frequency © | F1 = 2© L02 + 

1 ^chan 05). 

[0067] Accordingly, by using polyphase filter means 15 according to the present invention, a signal at the frequency 
of equation (15). will be effectively rejected by the polyphase filter means 15, whereas the desired frequency will pass 
and results in quadrature output signals l out and Q^t at the output of the polyphase filter means 15. Accordingly, for 

30 rejection of a (spurious) signal at the frequency provided by equation (1 5), i.e. the image frequency of the second mixer 
means 2 t no high order low pass filter means 3, 4 are required, such as disclosed above for the prior art solution. 
[0068] Due to imperfections and component spreading, however, in practice the polyphase filter means 15 will not 
completely reject the spurious signal. Practical rejection values of 30 to 40 dB are feasible for a polyphase fitter. 
[0069] Accordingly, in order to obtain a required image rejection of 50 dB at a second intermediate frequency IF2 of 

35 4.32 MHz, for example, in a further embodiment of the mixer according to the present invention shown in fig: 4, the first 
quadrature signals l t Fi andQ| F1 are additionally filtered, say by 10-20 dB. e.g. by tow pass filters 16, 17 of the second 
or third order, to obtain the full 50 dB of image rejection. 

[0070] Those skilled in the art will appreciate that low pass fitters of this order will have a less distortion effect on the 
first quadrature signals compared to tow pass fitters of the order of 5 or more. 
40 [0071] In DECT, an IF2 of 4.32 MHz is obtained with a second LO 9 at a frequency of 3.456 MHz which equals 1/4 of 
the system clock frequency of 13.824 MHz (X-tal). At such sub-rate frequency quadrature signals are advantageously 
produced. Those skilled in the art will appreciate that for other systems IF derived from sub-rates of the particular sys- 
tem clock frequency can be advantageously chosen. 

[0072] Fig. 5 shows an embodiment of polyphase filter means, comprising a balanced RC network, such as to be used 
45 with quadrature input signals in balanced mixer circuitry. 

[0073] In fig. 5. I jn p and ^ are respectively the positive and negative In-phase inputs. O mP and Q jnN are the positive 
and negative quadrature-phase inputs, respectively. Accordingly, l outP and loutN are the positive and negative (outputs 
and Qoutp and QoutN ar © the positive and negative Q-outputs, respectively. 
[0074] From basic electrical circuit calculations, it can be derived that 



so 



V 



tout 



V Qin+i<» RCV im 

1 +j<»RC 



(17) 



55 



V 



Oout 



ifi>RCV qn -v, )n 

1 +jo>RC 



(18) 
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wherein V lout and Vq^ are the output signals of the polyphase filter means. 
[0075] If 

1 



both equations (17) and (18) can be rewritten as (19) and (20) respectively: 

V Qin+i V lin 



lout- 1+j 



(19) 



w _ J V Qin- V lin , 
v Qout - -J + j v^u; 

20 [0076] In case of the desired frequency, the phase difference between I and Q will be +90°. such that V Qjn = jV jn . 
Substitution thereof in (1 9) and (20) leads to 

V 'out = TTj V «n (2D 



30 V Qout= iTj V 1«n (22) 



which are quadrature output signals. 
[0077] In case of an image frequency the phase difference between I and Q will be -90°. such that V Qin = -jV jn . Sub- 
35 stitution thereof in (1 9) and (20) leads to V lout = 0 and Vq^ = 0. Accordingly the image is rejected. 

[0078] In the example above, the polyphase filter means have to be tuned to the frequency a> IF1 = 2<o LQ2 + V£a> chan , 
such that 

40 RC= 2G> L02 + 1 ^°>chan. 

i.e. the image frequency of the second mixer means. 

[0079] The image reject mixer according to the present invention provides the opportunity to use a relatively low first 
45 IF frequency, and a second IF frequency derived from a local oscillator operating at a sub-rate of the system clock or 
timing rate, required for on-chip selectivity fBters, resulting in lower costs and smaller size radios. Accordingly, com- 
pletely integrated radios for GSM, DECT, etc. can be build from radio Application Specific Integrated Circuits (ASICs) 
using available CMOS or BiCMOS semiconductor processes. Such manufacturing processes are known to those 
skilled in the art, and no further implementation details have to be provided. 
so [0080] Instead of the single polyphase filter means disclosed in figure 5, tor the purpose of the present invention a 
multiple of polyphase filters connected in cascade and/or other filter designs can be used providing, at the tuned fre- 
quency, quadrature output signals for quadrature input signals of which the I and Q component have a phase difference 
of +90° and zero output signals for I and Q quadrature input signals having a phase difference of -90°. The passive cir- 
cuit components R and C may be provided by active circuit elements such as Field Effect Transistors (FETs) operated 
55 as resistive elements and/or capacrtive elements, the gate-source junction of which providing a capacitance. So-called 
varicap diodes may also be used as electrically tunable capacitances. Using either one or both of such elements, a 
completely, electronically tunable or controlled image reject mixer according to the present invention can be provided. 
Further band-pass filters 16, 17 may be used instead of the low pass filters shown and discussed. 
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[0081] For tuning of a receiver at a particular carrier frequency, the LO 7 of the first mixer stage is of a tunable type, 
schematically indicated by an arrow 18 in fig. 4. . 

[0082] Fig. 6 shows a simplified block diagram of a DECT radio telephone set comprising receiver circuitry according 
to the present invention. The radio telephone set 20 has four essential building blocks, i.e. a central control and appfi- 
s cation logic unit 21 , a radio unit 22, a timing and synchronisation control unit 23 and a speech processing unit 24. 
[0083] The radio unit 22 comprises an air interface 25 having an antenna system coupled to a transceiver unit com- 
prising a transmitterAnodulator and a receiver/demodulator according to the invention. 

[0084] The timing an synchronisation control unit 23 receives data over the air interface 25 and the radio unit 22 from 
a base station, which data are processed in accordance with a system clock timing provided by a radio exchange. Sig- 
w nailing and synchronisation information are removed from the received data by the unit 23 and received speech data 
are fed to the speech processing unit 24. The speech processing unit 24, among others, takes care of the deciphering 
of received data. A codec 26 decodes the received digitised speech data into a form for making it audible to a user of 
the handset via a loudspeaker 27 connected to the codec 26. 

[0085] Speech produced by the user is received by a microphone 28 and encoded into a suitable digital format by the 
75 codec 26. This encoded speech data is fed to the speech processing unit 24 which, among others, takes care of encryp- 
tion of the speech data. The timing and synchronisation control unit 23 adds suitable synchronisation and signalling 
information to the encrypted speech data. The radio unit 22 transmits this signalling and speech data via the air inter- 
face 25 for reception by a radio access unit or base station of the communication system to which the telephone set 20 
operatively connects. 

20 [0086] The central control and application logic unit 21 comprises a microprocessor or microcontroller and memory 
means, and connects to the timing and synchronisation control unit 23. The central control unit 21 essentially controls 
the system data and the communication with the user of the radio telephone set 20 via a keypad means 29, display 
means 33 and ring generator means 30, all connected to the central oorrtrol unit 21 . Further, and external interface 35 
connects to the central control unit 21 for external control and data processing purposes. Frame and time slot allocation 

25 and, in the case of a multi-carrier multi-time-slot technology such as DECT, also the various combinations of carrier fre- 
quencies and time-slots are controlled by the central control unit 31 and stored in the memory means. 
[0087] The ring generator means 30 connect to a buzzer 31 for producing a ringing or alerting sound at the arrival of 
a call. Optionally a visual alerting signal may be emitted by a lamp or Light Emitting Diode (LED) 32, connected as 
shown. The display means 33, such as an LCD device, are operatively connected to the central control unit 21 for dis- 

30 playing call information and other user and system data. 

[0088] For the overall powering of the telephone set 20 a battery and powering unit 34 is included. 
[0089] Although the present invention is generally illustrated with respect to a DECT radio telephone communication 
system, it is not restricted thereto. The present invention can be used with other TDMA communication systems such 
as operating in accordance with the GSM (Global System for Mobile communication), PHS (Personal Handyphone Sys- 

35 tern), wireless LAN's, etc. 

Claims 

1 . An image reject mixer for a radio receiver for operation in a Radio Frequency (RF) transmission band, said image 
40 reject mixer comprising first mixer means for down conversion of an RF input signal providing first quadrature sig- 
nals (I|fi , Gifi) centered at a first intermediate frequency (IF1) and such that image frequencies of said first mixer 
means are within said RF transmission band, and second mixer means for up-conversion of said first quadrature 
signals providing second quadrature signals (l| F2 . Q1F2) centered at a second intermediate frequency (IF2) above 
said first intermediate frequency (IF1), characterized by polyphase filter means operatively arranged between said 

45 first and second mixer means for providing filtered first quadrature signals for up-conversion by said second mixer 
means. 

2. An image reject mixer according to claim 1 , wherein said polyphase fitter means are tuned at an image frequency 
of said second mixer means. 

50 

3. An image reject mixer according to claim 1 or 2, wherein said RF transmission band comprises a plurality of adja- 
cent transmission channels spaced at a channel spacing distance, wherein said first intermediate frequency (IF1) 
of said first mixer means is selected such that said image frequencies of said first mixer means are within the chan- 
nel spacing distance adjacent to a selected channel. 

55 

4. An image reject mixer according to claim 3, wherein said first intermediate frequency (IF1 ) is selected in that said 
image frequencies are substantially at the channel spacing distance. 
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5. An image reject mixer according to claim 4. wherein said polyphase filter means are tuned at a frequency substan- 
tially equal to twice a Local Oscillator (LO) frequency of said second mixer means plus half the channel spacing 
frequency distance. 

6. An image reject mixer according to any of the previous claims, comprising filter means operatively arranged 
between said first mixer means and said polyphase fflter means, for filtering of said first quadrature signals (l )F1 , 
Qifi)* 

7. An image reject mixer-according to claim 6, wherein said filter means are low pass filter means having an order less 
than 5. 



8. An image reject mixer according to any of the previous claims, wherein said polyphase filter means comprise a bal- 
anced RC network. 

9. An image reject mixer according to daim 8, wherein said RC network comprises active circuit elements operated 
in a resistive and/or capacitive mode. 

10. An image reject mixer according to claim 9. wherein said circuit elements are electronically tunable, providing an 
auto-tunable or auto-controllable mixer circuit. 

11. Receiver for operating in a Radio Frequency (RF) transmission band, said receiver conprising an image reject 
mixer according to any of the claims 1-10. 

12. Receiver according to claim 1 1 , wherein said first mixer means comprise tunable Local Oscillator (LO) means. 

1 3. Receiver according to claim 1 1 or 1 2, manufactured on a single semiconductor chip, in particular a Complementary 
Metal Oxide Semiconductor (CMOS) or a Bipolar CMOS (BiCMOS) semiconductor chip. 

14. A radio communication unit, in particular a radio telephone for operation in a radio communication system such as 
DECT (Digital Enhanced Cordless Telecommunications) or GSM (Global System for Mobile communications) com- 
prising transceiver means, timing and synchronisation control means and information and signalling processing 
means, wherein said transceiver means comprise a receiver according to any of the claims 1 1 , 1 2 or 1 3. 
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Fig. 1 (prior art) 
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Fig. 5 (prior art) 
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